The rapid progress of the intoxication in severe cases of botulinus poisoning in man has rendered of questionable value the therapeutic use of antitoxin in such instances.' The relative infrequency of outbreaks of botulism does not warrant the manufacture or distribution of this antitoxin throughout the country by commercial firms on the same scale as in the case of other therapeutic serums. As a consequence, the country is dependent upon a very few points of distribution for its botulinus antitoxin. 2 The delay incumbent on making the diagnosis and obtaining and administering the antitoxin usually results in the application of the antitoxin after the toxin has already produced irreparable destructive effects.
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That the specific antitoxin is capable of neutralizing botulinus toxin has been shown repeatedly by animal experiment. We have found, however, that the time which may be permitted to elapse between the administration of toxin and the subsequent therapeutic administration of antitoxin in experimental botulism must be quite short. If delayed too long, antitoxin therapy ceases to be effective.
The length of the period that elapses after poisoning occurs, during which time antitoxin therapy continues to be effective experiment-ally, corresponds, as we will show later, very closely to the length of time elapsing between the ingestion of the toxin and its appearance in appreciable concentration in the blood.
Since the promptness in antitoxin therapy of botulism depends directly on early diagnosis and on the availability of antitoxin, it is evident that more numerous and widespread sources of supply of antitoxin are desirable. At the same time, a procedure was sought retarding the progress of intoxication sufficiently to allow more time for the effective administration of antitoxin.
Efect of Ether on the Rate of Intoxication.-In the course of a series of experiments designed to investigate the path of absorption of botulinus toxin, it was necessary for the purposes of surgical manipulation to keep the animals (guinea pigs) under ether anesthesia for a prolonged period of time following the administration of large amounts of botulinus toxin. We observed that such animals, while under the influence of anesthesia, remained alive for hours after the death of unanesthetized guinea pigs that had received a similar amount of toxin. Because of the importance attached to any method delaying the intoxication in botulism, we investigated this apparent influence of ether anesthesia more minutely.
In these experiments, guinea pigs were given large quantities of toxin (the actual amount varying in different experiments from 15,000 to 80,000 mouse m.L.D.3), per os or intraperitoneally in order to bring about death within a few hours. Some of the animals were subjected to ether anesthesia by inhalation immediately after the administration of toxin. The administration of ether was continued for various lengths of time, usually for about 2 hours, and its effect on lengthening the life of the guinea pigs, as measured from the time of administration of toxin, was noted. 4 The results of four such experiments are recorded in Table I .
The Use of Anesthesia in Connection with Administration of Anti-
toxin.-While in the preceding experiments ether anesthesia was not continued for more than 4 hours, we had opportunity to observe, in connection with other experiments, that a more prolonged period of anesthesia resulted in a correspondingly longer period of survival of animals. Died, 2 hrs., 5 min.
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12 " " 15" 30 min. 0.10 each series (those under anesthesia as well as those unetherized, Nos. 3, 3a, 4, and 4a) were given intracardially a large excess of antitoxin, Animals 4 and 4a still being kept under ether for an hour more. The two remaining guinea pigs (Nos. 1 and 2) were left without antitoxin, as controls; one of them (No. 2) was still under ether anesthesia, which was continued for another hour. At the expiration of 2 hours from the time of injection of the toxin, and from the beginning of anesthesia, the administration of ether to all three guinea pigs of the first series (Nos. 2, 4, and 4a) was interrupted and the animals were left undisturbed to recover from the anesthesia.
As can be observed from the results of this experiment (Table II) , the control animal (No. 1) receiving toxin alone died in 2 hours and 5 minutes. The two guinea pigs which received antitoxin as soon as symptoms of dyspnea were observed (Nos. 3 and 3a) died very shortly after the control, thus demonstrating the inefficacy of antitoxin administered after the appearance of the first objective symptoms of poisoning. On the other hand, the guinea pig (No. 2) given the same amount of toxin but kept under ether for 2 hours immediately thereafter lived for 4 hours and 5 minutes. This delay in the case of Guinea Pigs 4 and 4a was sufficient to render serum therapy efficient 5 (Table II) .
Effect of Late Administration of Ether on the Progress of botulinus
Poisoning.-One of the unavoidable causes of delay in the application of serum therapy in human botulism is the lack of early symptoms of poisoning. As a rule the disturbances of vision or deglutition are the first symptoms suggesting botulism. Thus, by the time botulinus poisoning can be suspected, a definite injury to the nervous system has already occurred. It is at this stage that serum therapy would ordinarily be attempted in a clinical case.
It is evident that a practical application of our findings (that administration of anesthesia immediately following the administration of toxin increases the likelihood that guinea pigs can be saved with antitoxin) to the therapy of botulism in human beings would be possible only if ether delays the progress of intoxication also when it is administered after the appearance of the first symptoms of poisoning.
In order to approximate more closely the conditions met with in clinical botulism, the toxin was administered to the guinea pigs of the next experiment by mouth, not by injection.
In one part of the experiment (Table III , Group 1) it was demonstrated that guinea pigs (Nos. 1, 2, 3, and 4) given 50,000 mouse M.L.D. of toxin per os die in from 11 to 15 hours. 6 In another part (Table III , Group 2) it was shown that among guinea pigs fed 50,000 mouse M.L.D. of toxin and given antitoxin intracardially 2, 4, 6, and 12 hours later, those receiving antitoxin during the first 4 hours after feeding of toxin may be saved (Nos. 5, 6, and 6a), while those given antitoxin later invariably died (Nos. 7, 7a, and 8).
In the last portion of the experiment (Tables III, Group 3) six guinea pigs (Nos. 9, 9a, 10, 10a, 10b, and 11), fed 50,000 mouse M.L.D. of botulinus toxin, were subdivided into three groups. The first group, consisting of two guinea pigs, (Nos. 9 and 9a) was put under ether and at the same time given antitoxin intracardially. The second group of three guinea pigs (Nos. 10, 10a, and 10b) received both ether and antitoxin 8 to 8 hours after the feeding of toxin. The last guinea pig of the series (No. 11) received ether and antitoxin 10 hours after the feeding of toxin. All the guinea pigs of this series (Nos. 9, 9a, 10, 10a, 10b, and 11) were kept continuously under ether for 2 hours and at the end of this time were allowed to recover from the anesthesia. As the results of this experiment show, all the animals of this series survived except Guinea Pig 11, which was the one to receive treatment last. All the surviving animals of this series were kept under close observation for more than 2 months. On the 5th day after the completion of the experiment, Guinea Pig 10 was found dead. The autopsy showed intestinal stasis as a cause of death.
In view of our earlier findings, also illustrated in Table III , Group 2, that intracardial administration of antitoxin fails to save guinea pigs if given later than 4 hours after the feeding of 50,000 mouse Besides, owing to development of progressive difficulty in respiration, the administration of ether by inhalation for a period of several hours in human beings is impractical. Since the application of various other methods of administration of ether, such as the subcutaneous, colonic, etc., would have to be worked out for human beings independently of findings on animals, we limited ourselves to a few preliminary experiments in this direction. Instead, we inquired into the possibility of using substances other than ether, with the hope of obviating the difficulties connected with the administration of ether.
Acting on the Suggestion of Dr. C. K. Drinker, we first investigated the usefulness of luminal sodium (sodium salt of phenylethylmalonyl urea) as a substitute for ether in conjunction with the serum therapy of botulism. According to Symes, cats can be kept under a continuous complete anesthesia by luminal for 2 and 3 weeks, under forced feeding, without any marked disturbance of metabolism. 7 In a preliminary experiment we attempted to determine the dose of luminal sodium which could be relied upon to keep guinea pigs under deep anesthesia.for a prolonged period of time, without danger to their lives. For this purpose, guinea pigs were given subcutaneously varying amounts of a 5 per cent solution of luminal sodium in sterile water after a brief (10 minutes) preliminary etherization to insure a more rapid establishment of the state of anesthesia. In this, as well as in the experiments which follow, all the animals under prolonged luminal anesthesia were kept warm artificially because of the lowered metabolism resulting from the administration of the drug.
We found that the range of usefulness of luminal sodium for guinea pigs is very limited. 50 mg. of luminal sodium per kilo of body weight produced no visible anesthetizing effect in the guinea pig, while 150 mg. invariably killed the animals in from 36 to 48 hours. The dose of 100 mg. per kilo of body weight was found to be effective and was adopted in all the later experiments with luminal sodium.
The effect of luminal sodium anesthesia on the rate of intoxication with botulinus toxin and on the effectiveness of serum therapy was investigated by a method similar to that used in the study of ether anesthesia.
Having established the time of death of guinea pigs receiving 50,000 mouse M.L.D. of botulinus toxin per os (Table IV , Group 1), we next ascertained the interval of effectiveness of serum therapy (Table IV, Group 2). We found that 0.7 cc. of antitoxin, when given 2 hours after the feeding of 50,000 mouse M.L.D. of toxin, not only protected the life of guinea pigs, but also prevented the development of any symptoms of poisoning (Table IV , Group 2, Guinea Pig 5). When given 4 hours after the feeding of toxin, this excess of antitoxin protected the life of animals but did not prevent the development of initial symptoms of botulism (Table IV , Group 2, Guinea Pigs 6 and 6a). If the administration of antitoxin was delayed for 6 hours or more after the feeding of toxin, so that the animals already presented dyspnea before the injection of antitoxin, the animals invariably died (Table IV , Group 2, Guinea Pigs 7 and 7a), though their death was somewhat delayed as compared with that of controls not receiving antitoxin (Table IV , Group 1, Guinea Pigs 1 to 4). With the above data on hand, the experiment was performed as follows (Table IV , Groups 3 and 4):
A series of eight guinea pigs of approximately the same weight was divided into two groups. The first group consisted of two guinea pigs which served as controls (Table IV, Group 3). One of these (Guinea Pig 8) was given ether and while under anesthesia it received subcutaneously 100 mg. of luminal sodium per kilo of body weight. Ether was discontinued in about 10 minutes after the injection of luminal. The animal was kept in a warm room, covered, and remained under complete anesthesia for about 24 hours, after which time it gradually recovered and remained normal for 3 days. All the animals receiving luminal were treated exactly as was this control. The full description of this method will therefore be omitted and will be referred to merely as luminal anesthesia.
The second guinea pig of this group (No. 9) was fed 50,000 mouse M.L.D. of botulinus toxin and 4 hours later was given a subcutaneous injection (100 mg. of luminal sodium per kilo, after a brief preliminary ether anesthesia) and from this time on was treated exactly as the preceding guinea pig (No. 8). This animal died in 22 hours and 45 minutes while still under the influence of luminal, whereas the control animals died after the injection of 50,000 mouse M.L.D. of botulinus toxin in from 11 to 15 hours (Table IV, Group 1). This result indicated an apparently delayed progress of intoxication under the influence of luminal. Finally, the second group of six animals of this series (Table IV , Group 4, Guinea Pigs 10 to 15) was fed, each, 50,000 M.L.D. of botulinus toxin and 4 hours later 100 mg. of luminal sodium per kilo of body weight were administered. From this time on, these guinea pigs were kept warm (as the controls, Nos. 8 and 9, had been). 2 hours after the administration of luminal, and 6 hours after the feeding of toxin, (Table IV , Group 2, Guinea Pigs 7 and 7a) when applied 6 hours after the feeding of toxin, the guinea pigs receiving luminal could be saved by the intracardial injection of antitoxin given as late as 12 hours after the administration of toxin. A small number of animals (from three to five) was placed in a large air-tight glass jar to which was attached a Heidbrink nitrous oxide-oxygen delivery apparatus. The mixture of gas should consist of 80 parts of nitrous oxide and 20 parts of oxygen delivered under a pressure one-fourth above atmospheric. Under these conditions, the blood receives nitrous oxide at the same rate as if the animal were breathing the pure gas at atmospheric pressure, and at the same time it receives as much oxygen as is ordinarily absorbed in normal respiration. The result is a complete nitrous oxide anesthesia without the oxygen hunger. Such anesthesia can be prolonged for hours. However, these conditions could not be maintained throughout the experiment, as guinea pigs present marked individual variation in respect to their susceptibility to nitrous oxide. It became necessary to vary both the relative proportion of gases and the pressure as dictated by the behavior of the animals in the jar. The average mixture of gas actually maintained was nearly 90 per cent nitrous oxide and 10 per cent oxygen. Pure nitrous oxide was used to induce rapid anesthesia at the beginning of the experiment. The barometric pressure in the jar was slowly raised to 100 mm. of mercury and at the end of the experiment was very slowly reduced to atmospheric. In order to test the influence of nitrous oxide anesthesia on the rate of toxin absorption and its possible utilization in serum therapy, four guinea pigs were fed 1 cc. of toxin each, and two of them were subjected to a complete anesthesia by the method described. Guinea Pigs 1 and 2 served as controls to determine the potency of the toxin. Guinea Pigs 3 and 4, receiving the same amount of toxin, were placed under anes-thesia immediately after the feeding of toxin and were kept anesthetized up to the time when both controls (Guinea Pigs 1 and 2) were dead. At this time they were allowed to recover and one of them received a large excess of antitoxin, partly intraperitoneally (3 cc.) and partly subcutaneously (2 cc.). Of these two guinea pigs, the one not having received antitoxin lived 24 hours, or several hours longer than the control animals (Guinea Pigs 1 and 2). The second guinea pig receiving antitoxin at the time both controls (Nos. 1 and 2) were dead, lived for 45 hours (Guinea Pig 4) . The results are shown in Table V. Great difficulty was experienced in these experiments owing to the varying susceptibility of the guinea pigs to nitrous oxide anesthesia. A nitrous oxide-oxygen mixture under a fixed barometric pressure that would readily anesthetize one animal would fail to affect another, and would be lethal for a third. Because of this and also the prohibitive cost of the experiment, a more extended series of tests was not carried out, but the results obtained indicate that this method of anesthesia probably causes a delay in the rate of intoxication with botulinus toxin comparable to that observed in the case of ether or luminal sodium.
Morphine.-The most promising results of all were obtained with morphine. The fact that this drug can be given by injection (like luminal) makes it particularly suitable should this mode of therapy be attempted in human botulism.
The general procedure in studying the effect of morphine was in every respect similar to that followed with luminal sodium.
In the preliminary tests we found that the control guinea pigs receiving 50,000 mouse M.L.D. of toxin per os can be saved by a subcutaneous administration of antitoxin, provided the latter is administered not later than 3 hours after the feeding of toxin. The guinea pig receiving 10 mg. of morphine intracardially following the feeding of 50,000 mouse .L.D. of toxin can be saved by antitoxin administered subcutaneously as late as 7 hours after the feeding of toxin. One of such experiments is illustrated in Table VI. In practically all the foregoing experiments we used an overwhelming amount of toxin (50,000 mouse M.L.D.) in order to shorten as Dead, 11 hrs.
Survived. Dead, 47 hrs., 30 min. much as possible the period of incubation and thus facilitate the continuous observation of the animals. Before closing this investigation we thought it worth while to carry out a few complete experiments under such conditions as would reasonably approximate those encountered in clinical botulism. We assumed arbitrarily that as soon as there appeared definite symptoms making the diagnosis of botulism possible, the patient would receive the injection of morphine by a subcutaneous route, while awaiting the arrival of antitoxin. It remained to determine how long the administration of antitoxin could be delayed under these conditions and still be effective. One need scarcely say that, in view of the marked difference in susceptibility of various animal species to toxin, the guinea pig experiment can at best but roughly reproduce the course of events which takes place in human botulism.
Having first found that 0.002 cc. of the lot of toxin used in this experiment usually kills a guinea pig of 250 gm. in from 72 to 96 hours, if administered by mouth, we gave each of the series of twenty guinea pigs five times this amount of toxin (0.01 cc.). Three guinea pigs were used in this series (Table VII, Group 1) to determine the time of death after ingestion of the stated amount of toxin (0.01 cc. represented by 1 cc. of a 1 per cent solution of toxin). In this, as well as in all the preceding experiments, the guinea pigs drank the toxin from the point of a measuring pipette placed at the corner of the mouth.
In order to determine how long after feeding of toxin the unsupported serum therapy is effective, a group of five guinea pigs received intracardially l°0 .1 cc. of antitoxin, each, some time after the feeding of toxin, as indicated in Table VII,  Group 2. A third group of seven guinea pigs was treated similarly, except that it received at the time of feeding of toxin 20 mg. of morphine subcutaneously, given in a dose of 0.2 cc. of a 10 per cent solution of the drug. The interval of time elapsing between the feeding of toxin and the injection of antitoxin is indicated in Table VII , Group 3.
The fourth group, consisting of five guinea pigs, was fed toxin as the animals of the preceding group had been, but in this case morphine was administered at the time of feeding to one guinea pig only (No. 16). The remaining guinea pigs (Nos. 17 to 20) received a subcutaneous injection of 20 mg. of morphine 2, 4, 6, and 8 hours later, respectively. The last two animals of this series had definite dyspnea at the time morphine was given. All the animals remained under observation throughout the experiment, and when the three control guinea pigs which had received only the toxin (Nos. 1 to 3, Table VII, Group 1) died, the five guinea pigs of the last group (Nos. 16 to 20) were given 0.1 cc. of antitoxin each intracardially.
The results of this experiment show that if morphine is administered at the time that toxin is fed, guinea pigs can be saved by antitoxin as late as 24 to 30 hours after the feeding of a few lethal '0 Antitoxin was given intracardially to correspond with the intravenous administration in human cases. doses of toxin. Without morphine, the same amount of antitoxin fails to save guinea pigs even when administered as soon as 6 to 7 hours after the feeding of toxin. Moreover, if the administration of morphine is delayed 4 or occasionally even 8 hours after the ingestion of toxin, at which time the guinea pigs have already begun 
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Dead, 2 days. Survived. intracardially. * These two animals were in a moribund condition 30 hours after the feeding of toxin, and for this reason they were given antitoxin earlier than originally planned. At this time the observer relaxed his vigilance and when the animals were reexamined 6 hours later, both were dead. to show objective symptoms, the progress of intoxication is thereby sufficiently delayed so that serum therapy is effective as late as 24 hours after the ingestion of toxin-at a time when animals would have been dead had they not received the injection of morphine (see controls, Table VII, Group 1). In human beings, subjective symptoms precede the objective signs of intoxication, and the use of morphine would therefore be indicated at an earlier stage of intoxication.
SUMMARY AND CONCLUSIONS.
When guinea pigs are fed large amounts of botulinus toxin, they develop symptoms of intoxication within 6 hours and die usually within 12 hours after the feeding of toxin. If very large amounts of toxin are introduced intraperitoneally, the animals may show symptoms of intoxication at the end of the 1st hour and die usually within 2 hours following the administration of toxin.
If these animals are placed under anesthesia following the administration of toxin, the intoxication proceeds much more slowly.
Anesthesia, by ether, is effective in this manner whether the toxin is given per os or intraperitoneally. The life of guinea pigs kept under ether after the administration of lethal amounts of toxin is prolonged by a period approximately equal to that during which the administration of the anesthetic is continued. When anesthesia is discontinued, the intoxication proceeds at its usual rate. It appears, therefore, that administration of ether delays the rate of intoxication but does not alter the toxin or the nature of the mechanism of intoxication. Anesthesia thus delays the progress of intoxication not only when administered immediately after the intake of toxin, but when administered much later after the intoxication has already progressed far enough to cause definite objective symptoms of poisoning. At this late stage of intoxication, the unsupported serum therapy of botulism in guinea pigs usually remains without effect. If, however, the animals are anesthetized at this time and kept under the influence of ether for some time, antitoxin therapy becomes effective. Indeed the antitoxin treatment can be delayed further for several hours, provided the animal is kept under anesthesia during the interval.
Results of a similar nature were obtained with luminal sodium, nitrous oxide-oxygen mixture, and morphine used in place of ether.
In view of the fact that the published data' indicate that botulinus antitoxin has thus far failed to give beneficial results in the treatment of botulism in human beings because, as it would seem, of the rapid progress of intoxication, any method of delaying the progress of intoxication to supplement the antitoxin therapy deserves consideration.
